INTRODUCTION
============

Over the past 10 years, the prevalence of obesity has been increasing steadily not only in Western countries but also in Korea and other Asian countries \[[@b1-enm-2020-35-2-425]\]. This increase in obesity prevalence is caused mainly by increased energy intake and decreased physical activity levels, and this trend is expected to continue for some time \[[@b2-enm-2020-35-2-425],[@b3-enm-2020-35-2-425]\]. The increased prevalence of obesity is associated with increased mortality for type 2 diabetes (T2D), hypertension, and cardiovascular disease, and the incidence of some cancers \[[@b4-enm-2020-35-2-425]\]. Safe and effective treatment modalities for obesity are scarce and more research is needed.

An association between the microbiome and obesity was first suggested in 2006 \[[@b5-enm-2020-35-2-425]\]. It has been reported that people with obesity have larger numbers of Firmicutes and fewer Bacteroidetes than lean people \[[@b6-enm-2020-35-2-425]\]. Since then, several gut microorganisms have been found to be associated with obesity or leanness \[[@b7-enm-2020-35-2-425]--[@b9-enm-2020-35-2-425]\], and gastrointestinal bacterial flora is now considered to contribute to the development of metabolic diseases including obesity and T2D. In one study, the obesity phenotype was reproduced by transplanting feces of people with obesity to germ-free mice, and body weight was reduced by transplanting feces obtained from humans after metabolic surgery to obese mice \[[@b10-enm-2020-35-2-425]\]. The bacterial flora in the gastrointestinal tract has attracted attention as both a cause and treatment target for obesity \[[@b11-enm-2020-35-2-425]\]. More specifically, significant associations between *Lactobacillus* and body weight have been reported in human studies \[[@b12-enm-2020-35-2-425],[@b13-enm-2020-35-2-425]\]. However, the types of gut microbiota and their exact phylogenetic level at which they can alter body weight are still under investigation.

*Lactobacillus sakei* is a gram-positive anaerobic bacterium that is commonly found in meat and fish, and is used to ferment meat in the West. It can be stored in fermented foods for a long time, which guarantees its safety \[[@b14-enm-2020-35-2-425],[@b15-enm-2020-35-2-425]\]. The material produced by *L. sakei* has a beneficial effect by inhibiting the growth of harmful bacteria. In a previous study, body weight and fat mass were reduced significantly by an 8-week intake of *L. sakei* from Korean kimchi in C57BL/6 mice with high-fat diet-induced obesity (DIO) \[[@b14-enm-2020-35-2-425]\]. Circulating levels of total cholesterol and triglycerides were also decreased in these DIO mice. Administration of *L. sakei* may also decrease plasma triglycerides and low-density lipoprotein (LDL) levels \[[@b15-enm-2020-35-2-425]\].

Based on these findings, the aim of this study was to examine whether administration of *L. sakei* to people with obesity would cause changes in anthropometric and body composition parameters such as weight, body mass index (BMI), waist circumference, body fat mass, and muscle mass. We also wanted to examine whether *L. sakei* altered metabolic factors in these people with obesity.

METHODS
=======

Subjects and study design
-------------------------

The study included 114 men and women aged 20 to 65 years with a BMI ≥25 kg/m^2^ who understood the content of this study and agreed to participate in this clinical trial. Individuals were excluded if they had any of the following exclusion criteria: had received antiobesity medication or antidiabetic medication, such as glucagon-like peptide-1 analogue, thiazolidinedione, or sodium-glucose cotransporter-2 inhibitor; had received any medications that might affect body fat mass, such as systemic steroid and antipsychotic medication; had thyroid dysfunction (except where thyroid function was maintained stably without changing the drug dose for \>6 months); had a history of malignant tumors within the past 5 years (except for properly treated squamous cell carcinoma, cervical cancer, or thyroid cancer), or were immunodeficient or taking immunosuppressive medication.

*L. sakei* is registered in the food raw materials database of the Food and Drug Administration. According to the Technical Law on Biologicals of the German Food Code, *L. sakei* is registered in the safe classification group, which indicates its safety.

A total of 131 patients were screened for this study; 114 met the inclusion criteria and did not meet the exclusion criteria and were randomized to either the *L. sakei* (CJLS03) group or placebo group. Participants received daily two allocations of 5×10^9^ colony-forming units (CFU) of *L. sakei*/allocation or the equivalent vehicle for 12 weeks ([Fig. 1](#f1-enm-2020-35-2-425){ref-type="fig"}). In this study, a trained research coordinator instructed all participants about achieving a healthy lifestyle, for example, by performing regular exercise ≥3/week with ≥30 minutes for each bout and consuming healthy food. We also encouraged them to maintain this favorable lifestyle. Good compliance with the treatment was defined as taking 80% to 120% of the allocation.

During the study period, 10 participants in the *L. sakei* group and nine in the placebo group dropped out ([Fig. 2](#f2-enm-2020-35-2-425){ref-type="fig"}). Among those in the *L. sakei* group who dropped out, five did not meet the criteria for medication compliance, three did not visit the research center according to the schedule, and two patients stopped the study without reason. Among the participants who dropped out of the placebo group, three did not meet the criteria for medication compliance, three did not visit the research center according to schedule, and three stopped the study without reason. This study analyzed data according to per-protocol analysis.

This study was conducted according to the management standard of the Ethics Committee of Seoul National University Bundang Hospital (SNUBH). The human application protocol and its changes were also approved by the Ethics Committee of SNUBH (IRB no. B-1511/324-002). This study began after the date of ethical review approval. After listening to detailed explanations from the researchers for about 15 minutes, the subjects provided written informed consent. This study was registered at the [ClinicalTrials.gov](http://ClinicalTrials.gov) (NCT03248414).

### Lactobacillus sakei

*L. sakei* CJLS03 is a lactic acid bacterium derived from kimchi that has long been consumed by humans as a food. This strain was grown in de Man--Rogosa--Sharpe broth, a specific broth for *Lactobacillus* (Difco Laboratories, Detroit, MI, USA) and prepared for oral intake. It was grown for 7 hours to reach the late log phase, collected (16,000×*g*, 5 minutes, 4°C), and washed twice with phosphate-buffered saline. The strain was prepared as a powder about 1×10^9^ CFU/mL.

Primary outcome and secondary outcomes
--------------------------------------

The primary outcome of this study was the change in fat mass from the baseline to 12 weeks after beginning the treatment. The key secondary outcomes were changes in BMI, body weight, waist circumference, and muscle mass from the baseline to 12 weeks. Other secondary outcomes were the changes in metabolic parameters from the baseline to 12 weeks.

Assessment of body composition
------------------------------

Body weight and height were measured using standard methods with the subject in light clothing. BMI was calculated as weight (in kg) divided by height (in m) squared. Waist circumference was measured at the umbilical level. Systolic and diastolic blood pressure (SBP/DBP) were measured with an electronic blood pressure meter while the subjects were seated. Blood pressure was measured twice at a 5-minute interval, and the mean value was used in the analysis.

To measure whole-body muscle mass in the study participants, dual-energy X-ray absorptiometry (DXA; Hologic Horizon W machine, Hologic Inc., Bedford, MA, USA) was used. Before the DXA scan, participants were asked to remove all metal objects and to change into a gown. Scanning was performed with the subject supine, and the scan time was within 15 minutes.

We measured whole-body fat mass using three multifrequency bioelectrical impedance analysis machines (Inbody720, InBody, Seoul, Korea). The study participants were requested to refrain from smoking, drinking alcohol, and strenuous exercise for 48 hours before the measurement. While in the fasting state, the participant was guided to stand on the platform of the device, age and sex were entered into the machine. After confirming that the participant was standing with both arms apart from the body and both feet on the right spots on the platform, a supervisor pushed the start button to perform the assessment.

Measurement of biochemical parameters
-------------------------------------

The subjects fasted for 12 hours overnight and venous blood samples were taken for biochemistry assays. Plasma glucose concentration was measured using the glucose oxidase method (747 Clinical Chemistry Analyzer, Hitachi, Tokyo, Japan). Glycated hemoglobin (HbA1c) level was measured using a Bio-Rad Variant II Turbo HPLC Analyzer (Bio-Rad, Hercules, CA, USA) in a National Glycohemoglobin Standardization Program level II-certified laboratory. Fasting plasma insulin level was measured using a radioimmunoassay (Linco, St. Charles, MO, USA). The homeostasis model assessments of insulin resistance (HOMA-IR) and β-cell function (HOMA-β) were calculated \[[@b16-enm-2020-35-2-425]\].

Aspartate and alanine aminotransferase (AST/ALT) (NADH-UV method), uric acid, blood urea nitrogen (BUN; urease/glutamate dehydrogenase method), and creatinine (Jaffe's kinetic method) were measured using an Architect Ci8200 Analyzer (Abbott Laboratories, Abbott Park, IL, USA). Concentrations of total cholesterol, triglyceride, high-density lipoprotein (HDL)-cholesterol, LDL-cholesterol, and free fatty acids (FFAs) were measured using a 747 Clinical Chemistry Analyzer (Hitachi). Serum levels of apolipoprotein A1 (ApoA1) and ApoB were measured using an AU5800 instrument (Beckman Coulter, La Brea, CA, USA).

Statistical analysis
--------------------

No previous studies have reported weight loss in humans after consumption of *L. sakei* using the same strain as the lactic acid bacteria used in this study. Therefore, the target number of participants needed was calculated based on the results of a previous study using other strains of *Lactobacillus*. According to the study by Jung et al. \[[@b17-enm-2020-35-2-425]\], 12 weeks of *L. gasseri* BNR17 treatment resulted in 1.1±2.2 kg of weight loss compared with the placebo, and an increase of 0.2±2.4 kg in body weight from the baseline. Using these data, we calculated the number of subjects in each group as 60, assuming statistical power of 0.80, two-sided significance level of 0.05, and dropout rate of 10%.

Baseline demographics and clinical data are reported for all subjects as number (percentage) and mean with standard deviation. Anthropometric and biochemical parameters at 12 weeks were compared with their baseline values using paired *t* tests. A paired *t* test was used to evaluate changes between the baseline and 12 weeks after treatment. We used IBM SPSS Statistics for Windows version 22.0 (IBM Corp., Armonk, NY, USA) and R statistical software v.3.1.1 for Windows (Foundation for Statistical Computing, Vienna, Austria). A *P* value \<0.05 was considered to be significant.

RESULTS
=======

Baseline characteristics
------------------------

[Table 1](#t1-enm-2020-35-2-425){ref-type="table"} provides information about the participants' baseline characteristics. The sex distribution did not differ significantly between groups: 24.6% (*n*=14) were men in the *L. sakei* group and 29.8% (*n*=17) were men in the placebo group. The mean age was 46.4±12.2 years in the *L. sakei* group and 47.2±11.2 years in the placebo group. The baseline BMI values were 28.5±2.4 and 28.3±2.4 kg/m^2^, respectively. The HbA1c level did not differ significantly between groups: 5.8%±0.7% in the *L. sakei* group and 5.6%±0.6% in the placebo group. Other indicators, such as lipid levels and renal and hepatic function markers, did not differ between the two groups. None of the anthropometric and body composition data, and biochemical parameters differed between the groups.

Participant disposition through the study period and compliance with the medication
-----------------------------------------------------------------------------------

Among the 57 participants in each group, 10 participants in the *L. sakei* group and nine in the placebo group dropped out during the study period ([Fig. 2](#f2-enm-2020-35-2-425){ref-type="fig"}). Among those in the *L. sakei* group who dropped out, five did not meet the criteria for medication compliance, three did not visit the research center according to the schedule, and two stopped participating in the study without reason. Among the participants who dropped out of the placebo group, three did not meet the criteria for medication compliance, three did not visit the research center according to schedule, and three stopped participating in the study without reason. The data in this study were analyzed according to per-protocol analysis.

Primary outcome: change in body fat
-----------------------------------

The change in total fat mass, the primary outcome of this study, was calculated as the change in fat mass from the baseline to 12 weeks. Total body fat mass decreased by 0.2 kg in the *L. sakei* group and increased by 0.6 kg in the placebo group (0.8 kg difference, *P*=0.018) ([Table 2](#t2-enm-2020-35-2-425){ref-type="table"}, [Fig. 3](#f3-enm-2020-35-2-425){ref-type="fig"}).

Secondary outcomes
------------------

### Changes in other anthropometric and body composition parameters

The change in BMI was a secondary outcome measure. BMI decreased by 0.1 kg/m^2^ in the *L. sakei* group and increased by 0.2 kg/m^2^ in the placebo group (0.3 kg/m^2^ difference, *P*=0.065) ([Table 2](#t2-enm-2020-35-2-425){ref-type="table"}, [Fig. 3](#f3-enm-2020-35-2-425){ref-type="fig"}). Body weight decreased by 0.3 kg in the *L. sakei* group and increased by 0.5 kg in the placebo group ([Table 2](#t2-enm-2020-35-2-425){ref-type="table"}). Waist circumference decreased by 0.6 cm in the *L. sakei* group and increased by 0.2 cm in the placebo group (*P*=0.013). The abdominal visceral fat area did not change in the *L. sakei* group, but increased in the placebo group ([Fig. 3](#f3-enm-2020-35-2-425){ref-type="fig"}), which resulted in a significant difference in the change in this variable between the groups ([Table 2](#t2-enm-2020-35-2-425){ref-type="table"}). Muscle mass decreased by 0.24 kg in the *L. sakei* group and by 0.20 kg in the placebo group.

### Changes in blood pressure and biochemical parameters

[Table 3](#t3-enm-2020-35-2-425){ref-type="table"} shows the metabolic indicators such as measures of blood pressure, blood glucose and lipid levels, liver function, and kidney function at the baseline and after 12 weeks. The change in SBP did not differ significantly between the two groups (−2.6 mm Hg vs. −1.6 mm Hg). DBP did not change significantly after the 12 weeks in the *L. sakei* group but increased by 3.5 mm Hg in the placebo group (*P*=0.026). Fasting blood glucose and HbA1c levels, insulin concentration, and HOMA-IR did not differ significantly between the two groups ([Table 3](#t3-enm-2020-35-2-425){ref-type="table"}). The levels of total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol, ApoA1, and ApoB did not differ significantly between the two groups. The FFA level decreased significantly in the *L. sakei* group but did not change in the placebo group; this resulted in a significant difference between the two groups at 12 weeks (*P*=0.041). Finally, BUN, creatinine, AST, and ALT levels, and other biochemical parameters did not differ significantly between groups ([Table 3](#t3-enm-2020-35-2-425){ref-type="table"}).

Adverse reactions
-----------------

There were no serious adverse reactions requiring any participant to discontinue use of CJLS03 or hospitalization. Reports of gastrointestinal discomfort, loose stools, fecal urgency, or flatulence did not differ significantly between the two groups ([Table 4](#t4-enm-2020-35-2-425){ref-type="table"}).

DISCUSSION
==========

In this study, we investigated the effects of 12 weeks of *L. sakei* (CJLS03) ingestion on fat mass, body weight, BMI, and waist circumference in people with obesity whose baseline BMI was ≥25 kg/m^2^. Body fat mass differed significantly between the two groups at 12 weeks: that is, body fat mass decreased by 0.2 kg in the *L. sakei* group but increased by 0.6 kg in the placebo group. Similar trends were seen for body weight, BMI, and waist circumference in the *L. sakei* group.

Scientific evidence supports the idea that consumed food changes the human gut microbiota profile and that dietary patterns are important in the association between the gut microbiota and obesity progression \[[@b18-enm-2020-35-2-425]--[@b20-enm-2020-35-2-425]\]. Furthermore, changes in the composition and activity of the gut microbiota may contribute to alterations in body weight and composition \[[@b21-enm-2020-35-2-425],[@b22-enm-2020-35-2-425]\].

Several studies that investigated whether *Lactobacillus* spp., including *L. rhamnosus*, *L. casei*, and *L. plantarum* have an antiobesity effect \[[@b12-enm-2020-35-2-425],[@b13-enm-2020-35-2-425]\]. Administration of these lactic acid bacteria species has been reported to cause a 5% of weight loss because of appetite suppression, which decreased dietary intake and to slow the rate of weight gain after consumption of a high fat diet \[[@b23-enm-2020-35-2-425]\]. However, weight loss has not been reported after short-term administration in humans, and the long-term effects have not been confirmed.

Several studies have investigated the antiobesity effects of *L. gasseri* \[[@b24-enm-2020-35-2-425],[@b25-enm-2020-35-2-425]\]. A study of Koreans showed that administration of *L. gasseri* to 62 Korean adults with BMI \>23 kg/m^2^ and fasting blood glucose level \>100 mg/dL for 12 weeks decreased body weight, although body weight did not differ significantly from that of the placebo group \[[@b24-enm-2020-35-2-425]\]. Another study in Koreans with BMI \>25 kg/m^2^ and waist circumference \>85 cm reported no differences in body weight and waist circumference between after adding probiotics and placebo in addition to treatment with a herbal medicine \[[@b26-enm-2020-35-2-425]\]. A meta-analysis that combined 15 studies with probiotics found changes in body weight and body fat in obese people with BMI \>25 kg/m^2^: that is, the average weight and BMI lost were 0.6 kg and 0.27 kg/m^2^, but body fat level did not decrease significantly \[[@b2-enm-2020-35-2-425]\].

Another study investigated the effects of three strains of *L. sakei* (CJLS03, CJB38, and CJB46) on weight and biochemical parameters in a C57BL/6 mouse model of DIO \[[@b15-enm-2020-35-2-425]\]. After 7 weeks of treatment, three strains were found to reduce the gain in weight compared with the control group. Administration of *L. sakei* (CJLS03) was accompanied by decreases in the levels of triglycerides, AST, and LDL \[[@b15-enm-2020-35-2-425]\]. The high dose of CJLS03 (1×10^10^ CFU/day) had the greatest effects on the changes in weight and biomarkers related to cardiometabolic risk compared with the high-fat-fed control group. Based on these results, we chose to use the CJLS03 strain for our human study.

In our study, administration of *L. sakei* (CJLS03) to people with obesity with basal BMI ≥25 kg/m^2^ led to reduction in fat mass, body weight, BMI, and waist circumference. *L. sakei* is a gram-positive anaerobic bacterium that is used mainly to ferment meat \[[@b14-enm-2020-35-2-425],[@b15-enm-2020-35-2-425]\]. In a previous study, treatment of *L. sakei* for 8 weeks significantly decreased body weight in high-fat-fed mice \[[@b14-enm-2020-35-2-425]\]. The *L. sakei* CJLS03-treated group showed a significant fat reduction in the mesenteric, epididymal, and subcutaneous adipose tissues. Notably, *L. sakei* supplementation significantly reduced the average size of adipocytes in the epididymal, subcutaneous, and mesenteric tissues \[[@b15-enm-2020-35-2-425]\].

The fat-reducing effect of *L. sakei* in our study was not as robust as in animal studies. This may partly reflect interindividual variations in the gut microbiota and metabolic activity in humans with age, diet, use of antibiotics, genetics, and other environmental factors \[[@b27-enm-2020-35-2-425]\]. Data from the Human Microbiome Project and the Metagenomics of the Human Intestinal Tract project show that these variables may be more critical than the actual differences between the lean and obese phenotypes \[[@b28-enm-2020-35-2-425],[@b29-enm-2020-35-2-425]\]. We note that previous studies of obesity have reported weight gains in the placebo control groups. Similarly, the loss of body weight in the *L. sakei*-administered group in our study was not impressive, but this resulted in a 0.8 kg difference in body weight after 12 weeks.

The mechanisms underlying the role of gut microbiota in the etiology of obesity have been proposed \[[@b30-enm-2020-35-2-425]\]. The energy-harvesting capability of the gut microbiota in obese people is thought to be set at a higher threshold than in lean people. People with obesity have higher short-chain fatty acid (SCFA) levels in their fecal samples than lean adults \[[@b31-enm-2020-35-2-425]\]. SCFAs are absorbed by the intestinal cells by passive diffusion and monocarboxylic acid transporters such as monocarboxylate transporter 1. SCFAs have substantial metabolic roles. For instance, acetate is a precursor for lipogenesis \[[@b32-enm-2020-35-2-425]\], propionate is a substrate necessary for gluconeogenesis \[[@b33-enm-2020-35-2-425]\] and reduces food intake and cholesterol synthesis \[[@b32-enm-2020-35-2-425]\], and butyrate is involved in cell growth and differentiation \[[@b34-enm-2020-35-2-425]\].

Several mechanisms may be proposed to explain how administration of *L. sakei* can induce weight loss. In a study that used the same strain of microbiota as our study, significantly elevated SCFA levels were detected in fecal and serum samples of the mice fed with *L. sakei* \[[@b15-enm-2020-35-2-425]\]. Butyrate is known to protect against DIO without causing hypophagia, reduces insulin resistance in mice \[[@b35-enm-2020-35-2-425]\], and has anti-inflammatory properties in humans \[[@b32-enm-2020-35-2-425]\]. Another possible mechanism for the beneficial effects of *L. sakei* is the inhibition of the production of lipopolysaccharide and induction of the expression of tight junction protein in the intestine \[[@b14-enm-2020-35-2-425]\]. The gut microbiota also affects appetite control and energy balance \[[@b36-enm-2020-35-2-425]\]. The capacity for receiving energy from food is higher in the gut microbiota in people with obesity than in lean people \[[@b37-enm-2020-35-2-425]\].

During the 12 weeks of administration of *L. sakei* (CJLS03) or placebo, we observed no clinically significant side effects. The compliance in both groups was \>95%, which supports the idea that *L. sakei*, a lactic acid bacterium derived from kimchi, is safe.

Our study has strengths and limitations. This was a well-designed randomized controlled study with a high adherence rate. Highly purified and sufficient amounts of the bacteria were used. However, we did not investigate possible alterations in the microbiota in the participants. Modulation of the intestinal microbiota and SCFA composition by *L. sakei* CJLS03 treatment was reported in a previous study \[[@b15-enm-2020-35-2-425]\]. The 12 weeks of treatment may not have been long enough to causes significant changes in body fat and weight. Further studies are needed to determine whether the viability of *L. sakei* CJLS03 is maintained in the lower gastrointestinal tract and whether supplementation alters the intestinal environment and other intestinal flora.

In conclusion, in this randomized, double-blind clinical trial, administration of *L. sakei* (CJLS03) led to significant reductions in total fat mass and waist circumference, and borderline trends for reductions in BMI and body weight. These data suggest that *L. sakei* (CJLS03) may be a good auxiliary candidate as a microbiome-targeted therapy for obesity prevention and treatment.
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###### 

Baseline Characteristics in the *Lactobacillus sakei* (CJLS03) and Placebo Groups

  Characteristic                  CJLS03 (*n*=57)   Placebo (*n*=57)   *P* value
  ------------------------------- ----------------- ------------------ -----------
  Men                             14 (24.6)         17 (29.8)          0.674
  Age, yr                         46.4±12.2         47.2±11.2          0.707
  Height, cm                      161.5±8.1         163.2±8.6          0.292
  Weight, kg                      74.4±9.4          75.6±10.6          0.521
  Body mass index, kg/m^2^        28.5±2.4          28.3±2.4           0.695
  Waist circumference, cm         91.4±6.0          90.4±7.2           0.460
  SBP, mm Hg                      126.5±13.4        124.3±11.3         0.358
  DBP, mm Hg                      78.5±10.4         75.6±8.8           0.112
  Fasting plasma glucose, mg/dL   103.8±18.6        103.4±16.9         0.900
  HbA1c, %                        5.8±0.7           5.6±0.6            0.118
  Insulin, μIU/mL                 10.7±3.8          11.1±4.6           0.634
  HOMA-IR                         2.8±1.3           2.9±1.8            0.677
  Glucagon, pg/mL                 176.1±132.5       160.8±104.6        0.494
  Uric acid, mg/dL                5.2±1.1           5.6±1.6            0.131
  Protein, g/dL                   7.4±0.3           7.3±0.4            0.444
  Albumin, g/dL                   4.4±0.2           4.4±0.2            0.592
  Total bilirubin, mg/dL          0.74±0.28         0.79±0.29          0.357
  Total cholesterol, mg/dL        199.3±32.0        199.1±39.8         0.975
  Triglyceride, mg/dL             122.2±61.2        125.8±59.5         0.753
  HDL-C, mg/dL                    54.1±10.3         52.9±11.1          0.552
  LDL-C, mg/dL                    116.4±24.0        116.5±30.1         0.973
  Apolipoprotein A1, mg/dL        141.2±17.7        138.4±22.1         0.464
  Apolipoprotein B, mg/dL         104.6±21.4        104.1±25.5         0.915
  Free fatty acid, μEq/L          667.2±249.4       599.6±232.2        0.137
  ALP, IU/L                       75.1±21.9         70.0±17.9          0.172
  AST, IU/L                       26.3±12.4         23.9±8.0           0.218
  ALT, IU/L                       28.8±21.7         25.1±16.8          0.314
  BUN, mg/dL                      12.6±3.6          13.2±3.2           0.369
  Creatinine, mg/dL               0.71±0.16         0.71±0.18          0.852
  Calcium, mg/dL                  9.2±0.3           9.2±0.3            0.180
  Phosphorus, mg/dL               3.6±0.5           3.5±0.5            0.118
  TSH, μIU/mL                     2.1±1.2           2.0±0.9            0.815

Values are expressed as number (%) or mean±standard deviation.

SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; TSH, thyroid stimulating hormone.

###### 

Changes in Body Composition in the *Lactobacillus sakei* and Placebo Groups after 12 Weeks

  Variable                        *L. sakei* (CJLS03) (*n*=47)   Placebo (*n*=48)   *P* value[a](#tfn4-enm-2020-35-2-425){ref-type="table-fn"}                                     
  ------------------------------- ------------------------------ ------------------ ------------------------------------------------------------ ------------ ------------ ------- -------
  Body weight, kg                 73.0±8.6                       72.6±8.6           0.352                                                        76.7±10.4    77.2±11.0    0.034   0.058
                                                                                                                                                                                   
  Body mass index, kg/m^2^        28.2±2.3                       28.0±2.5           0.360                                                        28.5±2.5     28.7±2.7     0.033   0.065
                                                                                                                                                                                   
  Body fat, kg                    27.0±5.1                       26.8±5.3           0.454                                                        27.4±5.8     28.0±6.1     0.003   0.018
                                                                                                                                                                                   
  Waist circumference, cm         91.0±5.6                       90.3±5.6           0.017                                                        91.1±7.1     91.3±7.6     0.301   0.013
                                                                                                                                                                                   
  Abdominal visceral fat, cm^2^   131.7±33.5                     130.7±34.6         0.554                                                        131.4±32.7   134.6±34.0   0.003   0.035
                                                                                                                                                                                   
  Whole body muscle mass, kg      41.5±7.6                       41.3±7.6           0.203                                                        44.5±9.4     44.4±9.3     0.139   0.853

Values are expressed as mean±standard deviation.

*P* values were calculated using Student's *t* test for the difference between groups in the change from the baseline to 12 weeks.

###### 

Changes in Anthropometric Parameters and Biomarkers in the *Lactobacillus sakei* and Placebo Groups after 12 Weeks

  Variable                   *L. sakei* (CJLS03) (*n*=47)   Placebo (*n*=48)   *P* value[a](#tfn7-enm-2020-35-2-425){ref-type="table-fn"}                                       
  -------------------------- ------------------------------ ------------------ ------------------------------------------------------------ ------------- ------------- ------- -------
  SBP, mm Hg                 126.0±12.9                     128.6±10.0         0.131                                                        124.6±11.2    126.2±10.8    0.251   0.678
                                                                                                                                                                                
  DBP, mm Hg                 78.4±10.2                      78.0±9.6           0.788                                                        75.4±8.8      78.8±9.5      0.003   0.026
                                                                                                                                                                                
  Fasting glucose, mg/dL     101.8±10.8                     102.5±15.8         0.659                                                        103.8±17.7    103.1±13.4    0.690   0.553
                                                                                                                                                                                
  HbA1c, %                   5.7±0.4                        5.8±0.5            0.223                                                        5.6±0.7       5.6±0.5       0.170   0.672
                                                                                                                                                                                
  Insulin, μIU/mL            10.9±3.9                       11.5±6.9           0.514                                                        11.5±4.9      13.1±9.6      0.217   0.487
                                                                                                                                                                                
  HOMA-IR                    2.8±1.1                        2.9±1.8            0.444                                                        3.0±2.0       3.4±2.7       0.283   0.583
                                                                                                                                                                                
  Glucagon, pg/mL            174.8±131.6                    180.7±138.4        0.603                                                        167.2±111.0   163.0±100.2   0.689   0.512
                                                                                                                                                                                
  Uric acid, mg/dL           5.1±1.1                        5.0±1.1            0.088                                                        5.6±1.6       5.6±1.6       0.659   0.404
                                                                                                                                                                                
  Protein, g/dL              7.4±0.3                        7.4±0.4            0.447                                                        7.4±0.4       7.4±0.3       0.397   0.255
                                                                                                                                                                                
  Albumin, g/dL              4.4±0.2                        4.4±0.2            0.945                                                        4.4±0.2       4.5±0.2       0.013   0.091
                                                                                                                                                                                
  Total bilirubin, mg/dL     0.73±0.22                      0.75±0.29          0.409                                                        0.79±0.30     0.77±0.27     0.404   0.239
                                                                                                                                                                                
  Total cholesterol, mg/dL   201.3±28.4                     197.4±43.2         0.465                                                        199.0±36.1    205.2±40.7    0.058   0.105
                                                                                                                                                                                
  Triglyceride, mg/dL        125.6±64.1                     129.0±83.2         0.754                                                        128.3±62.0    134.2±63.5    0.461   0.850
                                                                                                                                                                                
  HDL-C, mg/dL               54.4±9.7                       55.1±9.6           0.375                                                        52.6±11.4     53.5±9.6      0.387   0.907
                                                                                                                                                                                
  LDL-C, mg/dL               116.8±20.4                     115.6±24.0         0.620                                                        117.1±27.4    118.2±28.6    0.626   0.486
                                                                                                                                                                                
  Apolipoprotein A1, mg/dL   142.3±17.0                     144.1±15.8         0.242                                                        138.3±22.9    139.9±18.2    0.480   0.913
                                                                                                                                                                                
  Apolipoprotein B, mg/dL    105.2±18.3                     104.9±20.0         0.849                                                        104.5±23.1    108.9±30.3    0.082   0.136
                                                                                                                                                                                
  Free fatty acid, μEq/L     675.2±250.9                    574.9±217.1        0.011                                                        563.9±199.8   569.7±216.3   0.868   0.041
                                                                                                                                                                                
  ALP, IU/L                  75.2±21.3                      78.2±23.0          0.117                                                        70.0±16.4     72.6±17.7     0.020   0.870
                                                                                                                                                                                
  AST, IU/L                  26.3±12.2                      27.5±21.7          0.572                                                        24.8±8.3      27.2±12.8     0.074   0.620
                                                                                                                                                                                
  ALT, IU/L                  28.4±21.4                      30.3±34.0          0.594                                                        26.8±17.8     35.0±46.9     0.197   0.390
                                                                                                                                                                                
  BUN, mg/dL                 12.6±3.4                       12.8±3.2           0.576                                                        13.4±3.2      13.7±3.6      0.428   0.855
                                                                                                                                                                                
  Creatinine, mg/dL          0.69±0.16                      0.69±0.17          0.745                                                        0.74±0.18     0.73±0.18     0.497   0.461
                                                                                                                                                                                
  Calcium, mg/dL             9.2±0.3                        9.2±0.3            0.879                                                        9.2±0.3       9.3±0.3       0.041   0.144
                                                                                                                                                                                
  Phosphorus, mg/dL          3.6±0.4                        3.5±0.4            0.052                                                        3.5±0.5       3.5±0.5       0.679   0.273

Values are expressed as mean±standard deviation. *P* values were calculated using paired *t* tests between the baseline and after 12 weeks.

SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen.

*P* values were calculated using Student's *t* test for the difference between groups in the change from the baseline to 12 weeks.

###### 

Gastrointestinal Symptoms Reported by the *Lactobacillus sakei* (CJLS03) and Placebo Groups

  Variable                      *L. sakei* (CJLS03) (*n*=47)   Placebo (*n*=48)   *P* value
  ----------------------------- ------------------------------ ------------------ -----------
  Gastrointestinal discomfort   15 (31.9)                      13 (27.1)          0.657
  Loose stools                  18 (38.3)                      18 (37.5)          1.000
  Fecal urgency                 17 (36.2)                      17 (35.4)          1.000
  Flatulence                    17 (36.2)                      17 (35.4)          1.000

Values are expressed as number (%).
